Making hierarchical modulation more flexible by Méric, Hugo et al.
 To cite this document: Méric, Hugo and Lacan, Jérôme and Boucheret, Marie-
Laure and Arnal, Fabrice and Faraj, Zakariya and Amiot-Bazile, Caroline and 
Lesthievent, Guy Making hierarchical modulation more flexible. In: 29th AIAA 
International Communications Satellite Systems Conference (ICSSC-2011), 28 
Nov - 01 Dec 2011, Nara, Japan  
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.  
This is an author-deposited version published in: http://oatao.univ-toulouse.fr/  
Eprints ID: 5157 
Any correspondence concerning this service should be sent to the repository 
administrator: staff-oatao@inp-toulouse.fr 
 
Making Hierarchical Modulation More Flexible
Hugo Me´ric∗ and Je´roˆme Lacan∗ and Marie-Laure Boucheret†
Te´SA/Universite´ de Toulouse, Toulouse, France
Fabrice Arnal‡ and Zakariya Faraj‡
Thales Alenia Space, Toulouse, France
Caroline Amiot-Bazile§ and Guy Lesthievent§
CNES, Toulouse, France
In a broadcast system using the hierarchical modulation, the system delivers several
streams with different waveforms and required Signal-to-Noise Ratio (SNR), typically SD-
TV and HD-TV. At the application layer, each stream is delivered with a particular rate.
The physical layer must be defined in order to optimize the protection of each stream with
respect to the double constraints of both the data rates and the SNR thresholds. We
show in this paper that a standard like DVB-SH is not always well adapted to meet these
system constraints in operational typical cases. After exposing the current limitations of a
classical hierarchical modulation approach, we present two possible adaptations to address
these operational requirements and offer more flexibility in hierarchical modulation design.
I. Introduction and Problem Statement
Broadcast systems are generally hard to design because all the receivers do not experience the same
SNR. For instance, in satellite communications the channel quality is not the same with a clear sky or in
the presence of clouds. Conventional solutions rely on time sharing strategy as known as Variable Coding
and Modulation (VCM). An alternative is to use hierarchical modulation.1,2 The principle of hierarchical
modulation is to merge several streams in a same symbol. The High Priority (HP) stream is received
by all the population, unlike the Low Priority (LP) stream which can be decoded by the receivers who
experience a good channel quality. Figure 1 illustrates the hierarchical 16-QAM, considered in the DVB-SH
standard, with the particular mapping used in our work. The HP stream is used to select the quadrant,
and the LP stream selects the position inside the quadrant. Receivers in good conditions can receive both
streams (16-QAM demodulation), while those in bad conditions can only receive the HP stream (QPSK
demodulation). Hierarchical modulation often uses non-uniform constellation, where the symbols are not
uniformly distributed. The constellation parameter α is defined to describe the geometry of non-uniform 16-
QAM constellations. It is defined by α = dh/dl, where 2dh is the minimum distance between two constellation
points in different quadrants and 2dl is the minimum distance between two constellation points in the same
quadrant. Basically, α verifies α ≥ 1 where α = 1 corresponds to the uniform 16-QAM. The DVB-SH
standard recommends three values for α: 1, 2 and 4 (note that α = 1 is not considered for hierarchical
modulation but VCM mode). Concerning the mapping presented on Figure 1, the HP stream only uses the
Most Significant Bits (MSB) which are more protected, unlike the LP stream which uses the Least Significant
Bits (LSB).
We found that the possibilities offered by the hierarchical modulation in the standard can not always
match operational requirements provided in terms of available SNR (given by the link budget) and required
bit rates (for both HP and LP flows). Let us illustrate this on an example. In the considered case, the HD-
TV video (LP stream) rate at the application layer is twice the SD-TV video (HP stream) rate. Moreover,
the system requires to decode the HP stream at -0.3 dB and the LP stream at 5 dB. Using the coding rates
offered in the standard, a QPSK 1/3 is necessary to fulfill the rate constraint for the HD-TV, and then a
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Figure 1: Hierarchical 16-QAM
QPSK 1/6 is sufficient for the SD-TV. Unfortunately, the 1/6 turbo-code is not considered in the standard
and the solution consists to use the 1/5 turbo-code instead. To meet the data rate constraints, the system
must use the coding rates 1/5 and 1/3 for the HP and LP streams respectively. Table 1 presents the decoding
thresholds from [3, Figure 7.40] (less the 0.3 dB due to the pilots) for the hierarchical modulation.
Table 1: HP and LP hierarchical reception in DVB-SH
α = 2 α = 4
HP (1/5) -3.2 dB -3.6 dB
LP (1/3) 8.8 dB 12.9 dB
Then the SNR constraint for the LP stream can not be met and the standard is not able to provide a
practical solution. We propose two modifications of the hierarchical 16-QAM defined in DVB-SH in order
to answer the problem. The rate constraints at the application layer give the coding rates for each stream.
The HD-TV and SD-TV streams use the 1/3 and 1/5 turbo-codes respectively. Our problem is now the
decoding threshold constraint. The idea is to take advantage that the decoding threshold constraint of the
SD-TV stream is easily respected, then we would like to trade the extra margin (waste) applicable for that
stream to increase the performance of the HD-TV stream. The first solution is to consider lower values of
the constellation parameter α. Our work shows that using a hierarchical 16-QAM with α ≤ 1 allows to
design the desired system. The second solution is to mix the bits contained in the two streams.4 Thus each
stream contains both MSB and LSB and we control that proportion. This solution also succeeds to fulfill
the constraints. We will present some curves to determine how to choose the value of α and the proportion
of MSB in each stream for the desired system.
The paper is organized as follows. In Section II we present the method used to evaluate the performance
in terms of decoding threshold of the proposed solutions. We propose two modified hierarchical modulations
and show their performance in Section III. Section IV concludes the paper by summarizing the results.
II. Performance Evaluation
The performance evaluation of the two proposed schemes is done using the method described in Ref.5 and
Ref.6, which is based on the channel capacity. The method makes the following assumption: the DVB-SH
code with coding rate R has the same decoding threshold as an ideal code with coding rate R˜, where R˜ ≥ R.
Moreover, simulations with the entire DVB-SH transmission chain realized by Thales Alenia Space validate
the results of the previous method.
The performance evaluation is illustrated on an example. First, for any modulation, we define the
normalized capacity by Cmod =
1
mCmod, where Cmod is the modulation’s capacity and m denotes the
number of bits per symbol. Now we would like to study the hierarchical 16-QAM with α = 2 considered in
the DVB-SH standard at a target Bit Error Rate (BER) of 10−5. The HP and LP streams use the 1/5 and
1/3-turbo codes respectively. The method requires the performance curve (e.g., BER against Es/N0) for one
reference modulation, which is the QPSK in the example. The decoding thresholds are computed as follow:
1. Use the performance curve of the QPSK with rate R to get the operating point (Es/N0)ref corre-
sponding to the desired performance. In the DVB-SH guidelines [3, Table 7.5], we read for R = 1/5,
BERQPSK (−3.9 dB) = 10−5
and for R = 1/3,
BERQPSK (−1.2 dB) = 10−5.
2. Compute the normalized capacity R˜ for the QPSK. For the HP stream, we obtain,
R˜HP = CQPSK (−3.9 dB) ≈ 0.2454,
and for the LP stream,
R˜LP = CQPSK (−1.2 dB) ≈ 0.4005.
3. For the hierarchical 16-QAM, compute Es/N0 such as the normalized capacity at this SNR equals R˜.
Then, the decoding threshold for the HP and LP streams are,
(Es/N0)HP = C
−1
HP,α=2
(
R˜HP
)
= −3.2 dB
(Es/N0)LP = C
−1
LP,α=2
(
R˜LP
)
= 8.8 dB
The DVB-SH guidelines provide the decoding thresholds for the HP and LP streams [3, Figure 7.40].
Removing the 0.3 dB due to the pilots, we read -3.2 dB and 8.8 dB for the HP and LP streams respectively.
III. Proposed Solutions
This part introduces few modifications to the hierarchical 16-QAM defined in the DVB-SH standard. The
performance of the resulting modulations are presented and we show that both solutions succeed to fulfill
the system requirements. As mentioned before, the idea is to take advantage that the decoding threshold
constraint of the SD-TV stream is easily respected in order to degrade it, but on the other hand improve
the performance of the HD-TV stream.
A. Consider α ≤ 1
The first solution is to consider lower values of the constellation parameter α. Our work shows that using
an hierarchical 16-QAM with α ≤ 1 allows to design the desired system. Figure 2 presents the decoding
thresholds function of α for the HP and LP streams using the performance evaluation of the previous section.
For α = 0.5 or 0.6, the decoding thresholds respect the constraints and then answer the problem. However,
this solution implies to add new values of α to the standard.
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Figure 2: Decoding threshold vs. α
On Figure 2, the decoding threshold for the HP stream is decreasing with α. This is justified as when α
grows, the points in one quadrant of the 16-QAM are getting closer and then it is easier to decode the HP
stream unlike the LP stream. In our work, the lowest α used is 0.5. This is explained by the degradation
of the HP stream capacity when α tends to zero. Figure 3a represents the capacity of both streams for
α = 0.01. The HP stream capacity is most of the time worst that the one of the LP stream, and it is no
longer equals to two for high SNR. In fact the limit is one, which results of the geometry of the constellation
for small value of α and also the mapping. Figure 3b shows the geometry of the constellation when α goes to
zero. We represent in squares the bits that can be decoded by the HP stream. For instance, if the received
symbol is at the center of the modulation, it is impossible to be sure of the value of any of the two bits. On
average and using all the symbols, one bit out of two can be decoded.
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Figure 3: 16-QAM Hierarchical Modulation Capacity
B. Mix the Streams
The second solution is to mix the bits contained in the two streams.4 We have already mentioned that
the HP stream generally uses the MSB and the LP stream the LSB. We are now interested in a solution
where each stream contains both MSB and LSB. In that way, we decrease the decoding performance of the
HP stream but increase the one of the LP stream. Two parameters are important here: the constellation
parameter α and the proportion of MSB in each stream. Figure 4 presents the principle of this new solution.
The HP and LP streams contain respectively a proportion xhpmsb and x
lp
msb of MSB. By construction, we have
xhpmsb + x
lp
msb = 1. We will see that several sets of parameters ensure to respect the desired constraints.
xmsb
hp
xmsb
lp
MSB
LSBLP
FEC Encoder 1
FEC Encoder 2
Error Prone Channel
MSB
LSB FEC Decoder 2
FEC Decoder 1 HP
LP
HP
Figure 4: Mix principle
Firstly, it is supposed that a stream using a proportion xmsb of MSB as a normalized capacity given by
C = xmsb × CMSB + (1− xmsb)× CLSB ,
where CMSB and CLSB are the capacity of one MSB and LSB respectively. Thus the performance evaluation
method described previously can be used in the case of mixed streams.
We begin our analysis by representing the decoding threshold in function of α on Figure 5. Each curve
correspond to a specific repartition of the MSB and LSB. For instance, the curve labelled (0.8,0.2) on
Figure 5a corresponds to a stream with 80% of MSB and 20% of LSB. As mentioned previously on Figure 2,
all the curves where the proportion of MSB is greater than 0.5 are decreasing with α. The last remark is
that the curves come in pair. For instance, we choose to have 80% of MSB for the stream with R = 1/5,
then the performance of each stream can be read on the curved labelled (0.8,0.2) on Figure 5a and the curve
labelled (0.2,0.8) on Figure 5b.
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Figure 5: Decoding threshold vs. α for different mixing configuration
Finally, we present the decoding threshold in function of the MSB/LSB proportion on Figure 6. First
of all, the abscissa is not the same depending on the curve. For the curves with rate 1/5, the abscissa
corresponds to the proportion of MSB, but for the curve with rate 1/3, it corresponds to the proportion of
LSB. This explains why the variations of the curves are different on Figure 6. On Figure 6b, we see that no
solution is available with α = 4. The stream coded with R = 1/5 required at least 60% of MSB to verify the
decoding constraint, but then the stream with R = 1/3 is not able to decode below 5 dB. However, Figure 6a
exhibits a solution with α = 1 and the 1/5-stream uses 70% of the MSB.
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Figure 6: Decoding threshold vs. MSB/LSB proportion for different α
C. Set of solutions under decoding threhold constraints
We discuss in this part the design of a broadcast system with decoding threhold constraints only. For
instance, Table 2 presents a set of configurations where one of the stream decode below 5 dB and the other
below -0.3 dB. The configuration is determined by: the coding rates of each stream, the value of α, the
proportion of MSB in one of the stream. Table 2 also gives the decoding thresholds of both streams.
The first and second configurations already appear on Figure 2 and Figure 6a respectively. The two
other configurations propose a solution based on one of the previous solutions. The idea of such table is to
see the rates available under decoding threshold constraints. The system designer can pick any solution by
R1 R2 α Proportion of MSB in stream 1 (Es/N0)1 (dB) (Es/N0)2 (dB)
1/3 1/5 0.5 0 4.61 -1.43
1/3 1/5 1 0.3 4.68 -0.81
1/3 1/5 2 0.4 4.75 -0.65
2/9 2/7 1 0 4.119 -0.398
Table 2: Some configurations satisfying the constraints
optimizing a criteria: global rate, rate of one of the two streams... In the previous example, the physical
layer was adapted to the content. However, the opposite is also possible: if the content is SVC (Scalable
Video Coding7) encoded video, the rate of each video layer can be chosen in order to match the physical
layer parameters.
IV. Conclusion
This article proposes two schemes to adapt the hierarchical 16-QAM to a broadcast problem. The
solution using α ≤ 1 generally obtains the best results in terms of system margin, however the second
solution is interesting when considering a standard with fixed parameters (not possible to add new α values).
The performance of both schemes have been studied and we show on an example how to choose the good
parameters to fulfill a set of constraints. Our work offers more options when designing a broadcast system.
Finally, in a scenario where a return link is available, we can imagine to adapt the parameters of the
hierarchical modulation using lookup tables (e.g., Table 2).
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